Abstract-The peculiarities of frog erythrocyte electrophoretic mobility, coupled to the seasonal course of temperatures, have been studied. At the periods of anabiosis and of burst of hemopoiesis, in the vascular bed there increases the portion of functionally young erythrocytes (up to 22%) with increased values of the cell membrane surface charge. Preparation to winter is accompanied by a rise of the number of circulating functionally worn down blood cells (up to 60%) with low values of the superficial charge and low mobility in electrical field. Use of the cell microelectrophoresis method of evaluation of seasonal activity of frog erythrocytes allows obtaining objective data about the cel lular surface charge and its depending functional cell activity without submitting the erythrocytes to modifying actions.
INTRODUCTION
The annual frog life cycle is subordinated to the temperature seasonal course and is divided into two contrast phases-the active including reproduc tion, nutrition, and preparation to winter and the inactive, when the animal, according to data of electrophysiological studies [1] , is in one of three sleep forms. The adaptation allowing to amphibi ans to inhabit area with low winter temperatures is anabiosis. The anabiosis state is accompanied by complex reconstructions of the qualitative and quantitative compositions of the basic regulatory systems with involvement of this process of intrac ellular water and cryoprotectors (glucose and glyc erol) [2, 3] .
The large temperature diapason (from 0 to 38°C) of the functional activity of the frog biochemical systems implies the characteristic thermotropic properties of the cellular membranes, which pro vide a change of the ionic transport at adaptation to the seasonal temperature course [4] . The goal of this work was to study peculiarity of the frog erythrocyte electrophoretic mobility in relation to the seasonal course of temperatures.
MATERIALS AND METHODS
The study was carried out on the frog Rana ridi bunda Pall at the period of physiological anabiosis (January-February), during the spring-summer burst of hemopoiesis (May-June), and extinction of hemopoiesis (September-October). The num ber of animals in experimental studies for each sea son was 20. The blood was obtained by the heart puncture and stabilized with heparin (5 units/ml). The erythrocyte electrophoretic mobility (EEM) was determined by the method of microelectro phoresis in a horizontal microcamera [5, 6] . The heparinized blood was centrifuged for 15 min at 1000 SKORKINA, DERGACHEV rev/min and plasma was collected. The obtained erythrocytic mass was washed out three times by using Hanks' medium (рН 7.9). Aliquots were pre pared by dilution of the erythrocytic mass with Hanks' medium in ratio of 1 : 1000. From each ali quot, ξ potential was measured in 200 erythrocytes. The micromethod of the ξ potential determination is based on measurement of the erythrocyte elec trophoretic mobility that is equal to the rate of the cell movement appearing under effect of the exter nal electric field. The EEM measurement was per formed in the horizontal microcamera under the standard conditions: the current strength 5 mA, volt age 100 V, temperature of the suspension medium 23°C. The control of the process of EEM measure ment, the calculation of distances of the cell image translocation, the collection of the obtained data were performed by using the complex of the appa ratus software visualization of morphological prep arations, analysis and recording of "VideoTest" optic and morphological parameters. The time of the cell translocation in the electric field was mea sured with a stopwatch. The viscosity of the suspen sion medium measured by using a VK 4 medical viscosimeter was 8.94 mPaUcm 2 . The correlation between the EEM parameters and ξ potential was calculated by Smolukhovskii's formula [7] : 4πηSd ξ = tuε where ξ-potential (μm cm B -1 c -1 ); η-viscosity coefficient; S-the path passed by blood cells (μm); d-distance between electrodes (cm); t-time of movement (s); u-potential difference between electrodes (B); ε-dielectric constant of the disper sion medium.
The erythrocyte functional activity was evalu ated by the ξ potential value in the applied electri cal field. The young cells are moved in the electri cal field faster than the old ones; the ξ potential value depends only on the cell surface propertyon the amount of carboxyl groups of sialic acids and the medium [8] , but does not depend on the shape and size of particles [7] . The EEM normal indices were considered the values obtained at the period of the spring-summer burst of hemopoie sis. The statistical significance of differences was determined by using Student's criterion. 
RESULTS AND DISCUSSION
In the performed experiments, we established peculiarities of the erythrocyte electrophoretic mobility at different season periods. The presence in the blood flow of four different functional eryth rocyte groups are detected for the physiological anabiosis and for the spring-summer burst of he mopoiesis, while at the period of extinction-of three groups. The statistical difference of ξ poten tial values were detected in the group of function ally immature (young) erythrocytes-the values higher by 69.32% ( p < 0.05), as compared to the period of the spring-summer burst of hemopoie sis. The immature erythrocyte forms in the blood flow are not detected at extinction of hemopoiesis (see table) . The charge of the cellular surface can be of different origin and is due to the carboxyl and amino groups of the cell surface proper and to the medium ions absorbed on the surface.
The uniform dependence of the erythrocyte elec trokinetic parameters is detected at the studied sea son periods. The table data demonstrate that the distance passed by the young erythrocyte forms with high ξ potential values is longer than in the old worn out cell forms. It is established for the physio logical anabiosis period that the young erythrocyte forms pass the distance, on average, of 8.01 ± 0.89 μm for 4.5 ± 0.56 s, while the old erythrocyte forms-the distance of 2.14 ± 0.41 μm for 104.28 ± 2.7 s (see table) . Hence, the functionally young erythrocyte forms are characterized by the higher movement rate in the applied electrical field as com pared to the old ones that lose at aging the negative ly charged sialic acids of the cell surface. It is estab lished that maximal EEM values of the functional subpopulations are characteristic of the period of the spring-summer burst of hemopoiesis.
By analysis of the cell percent ratio in the groups, a decrease of the part of the functionally mature forms was revealed at the period of physiological anabiosis (see figure) .
At the periods of the burst of the hemopoiesis and anabiosis the number of the functionally young cells is practically equal (~22%). From the point of view of the organism adaptation to the seasonal temperature course, the appearance in the blood flow of erythrocytes with increased values of ξ po tential and voltage of the electrical field in the membrane produces the optimal conditions for an increased oxygen permeability of the erythrocyte membrane and, hence, for an increase of intensity of processes of oxygenation and deoxygenation [9] . The appearance in the blood flow of the function ally young cells at low temperatures is connected with preservation of the high Na + ,K + pomp ac tivity and with a decrease of intensity of the pas sive input and output of cations [10] ; as a result, the asymmetrical ion absorption produced on the membrane the charge determining effectiveness of the gas transport erythrocyte system.
At the period of preparation to winter, about 60% of cells with low values of ξ potential circulate in the blood, while in the state of anabiosis, 39% of cells SKORKINA, DERGACHEV are in this group (see figure) . It cannot be ruled out that the appearance in the blood of erythrocytes with low values of ξ potential is due to an enhancement of the macrophage phagocytic activity at this peri od. According to data of morphological studies of the hemopoietic tissue [11] , at the autumn period the macrophages with large particles of the yellow brown color predominate in the spleen, the density of mitoses and the number of free elements decrease, there is observed the presence of stromal cells and pulp strands. The bone marrow hemopoietic func tion is extinguishing by the end of May, while its degeneration begins from the middle of July; there fore, the bone marrow does not participate in he mopoiesis at the summer-autumn period. The es tablished data of the cell distribution by values of the superficial charge is connected with the season al cyclicity of hemopoiesis in foci of the spleen bone marrow and liver hemopoiesis [12] .
As a result of this study, it has been shown that the frog adaptation both to the low and to the high temperatures is accompanied by the appearance in the blood flow of erythrocytes with a maximal movement rate in the electrical field and with in creased values of the superficial charge of cellular membranes. The period of preparation to anabio sis is characterized by circulation in the blood flow of worn out cells with the low values of the super ficial charge and low mobility in the electrical field. It cannot be ruled out that a decrease of the func tional activity of the erythrocyte membranes is due to the high cell wear and loss of the sialic acid car boxyl groups at the season of elevated temperatures.
Use of the parameters of the cell distribution by the electrophoretic mobility allows determining functional cell activity at different season periods. The applied method has several advantages, as in the course of measurements the cell is not submit ted to the modifying actions, while the obtained information is related only to the cell surface, on the charge of which the intensity of the gas ex change depends in the cell tissue system.
